Wheat is the main source of carbohydrate for humanity, being the second most-produced cereal in the world. Brazil is not self-sufficient in this crop, and the Country needs to import wheat to supply the national demand. The objective of this study was to analyze the performance of agronomic traits in wheat segregating populations in the F2 generation, and to estimate the genetic distance between the parents and the segregating populations , number of grains per ear (NGE), grain mass per ear (GME), grain yield per plant (GYP) and ear harvest index (EHI) were measured. The population 5 showed the greatest stature and population 4 showed less variability for the trait. All populations showed averages of NFT and GYP higher than the parents, indicating the presence of transgressive segregants, or presence of dominance in these traits. The grain mass per ear is the trait that contributes most to the distance between the genotypes. There was the formation of four groups by Tocher's grouping method and the population 3 is the most different to the parents, when considering all traits.
Wheat is the main source of carbohydrate for humanity, being the second most-produced cereal in the world. Brazil is not self-sufficient in this crop, and the Country needs to import wheat to supply the national demand. The objective of this study was to analyze the performance of agronomic traits in wheat segregating populations in the F2 generation, and to estimate the genetic distance between the parents and the segregating populations. The populations 1 (Abalone x Fundacep Nova Era), 2 (Ônix x Fundacep Raízes), 3 (CD 104 x Fundacep Cristalino), 4 (Fundacep Cristalino x Fundacep Nova Era) and 5 (CD 104 x Fundacep Raízes) and parents (Abalone, CD 104, Fundacep Cristalino, Fundacep Nova Era, Ônix and Fundacep Raízes) were used. The traits Days from Emergency to flowering (DEF), plant height (PH), number of fertile tillers per plant (NFT), ear length (EL), ear mass (EM), number of grains per ear (NGE), grain mass per ear (GME), grain yield per plant (GYP) and ear harvest index (EHI) were measured. The population 5 showed the greatest stature and population 4 showed less variability for the trait. All populations showed averages of NFT and GYP higher than the parents, indicating the presence of transgressive segregants, or presence of dominance in these traits. The grain mass per ear is the trait that contributes most to the distance between the genotypes. There was the formation of four groups by Tocher's grouping method and the population 3 is the most different to the parents, when considering all traits.
Highlighted Conclusion
There is genetic variability for traits within wheat segregating populations.
In Brazil, wheat was the third most produced cereal, behind maize and rice. In the 2016 harvest season, it reached a production of 5.22 million tons. National demand is estimated at 11.4 million tons, requiring imports of 6.2 million tons (CONAB 2017) . In order to overcome this deficit, breeding programs aim to obtain superior genotypes for grain yield, quantitative trait, with expression controlled by several genes of small effect, that are largely influenced by the environment (Cuthbert et al. 2008 , Ali et al. 2011 .
In order to increase genetic variability and to form initial populations of selection that contemplate yield and industrial quality, the most efficient way is to carry out artificial hybridizations between elite parents (Pandini et al. 1997 ). Subsequently, these should be evaluated with the aid of statistical analysis to describe the direction and magnitude of the variability of the data obtained. Thus, estimates of measures of asymmetry and kurtosis are considered as more in-depth analysis of the data (Coimbra et al. 2004 , Lopes et al. 2015 . The measure of asymmetry indicates the degree of separation from distribution of the unit of symmetry and informs the direction of the distribution followed by the data. The kurtosis estimate is the degree of flattening of the distribution of populations, allowing to estimate the degree of genetic variability for a given trait (O'Rourke et al. 2005) .
The success of a breeding program depends on the genetic variability in the working populations. It is possible to estimate this distance through agronomic, morphological and molecular traits, where this range of information is http://cpsjournal.org expressed in measures of dissimilarity (Cruz 2006a) . The grouping method is used to collect genotypes, by means of classification criteria, in groups that present homogeneity within the group and heterogeneity between the groups, being appropriate to identify the divergent genotypes, which may be successful in future hybridizations (Cargnelutti Filho et al. 2008) . One of the grouping methods used in the breeding of plants is the hierarchical, in this method, the genotypes are grouped by processes that are repeated in several levels, establishing a dendrogram (Silva et al. 2011) .
The objective of this work was to analyze the performance of segregating wheat populations in the F 2 generation, regarding agronomic traits and to estimate the genetic distance between the parents and segregating populations.
MATERIAL AND METHODS
The experiment was conducted in 2013, in the experimental field of Plant Genomics and Breeding Center (CGF), located in the Agricultural and Center of Palma (CAP), belonging to Federal University of Pelotas (UFPel), county of Capão do Leão -RS, located at 31º 52' 00'' of latitude south and 52º 21' 24'' of longitude west; at an altitude of 13.24 m, with an annual average rainfall of 1280.2 mm. The soil is described as Yellow-red Podzolic (PVA) from the Mapping Pelotas unit (Santos et al. 2006) .
Six wheat cultivars were selected based on the agronomic performance (grain yield and industrial quality), which were: Abalone, CD 104, Fundacep Cristalino, Fundacep Nova Era, Ônix and Fundacep Raízes. At the end of the year 2011, the crosses between parents were made. The crosses between Abalone x Fundacep Nova Era (Population 1), Ônix x Fundacep Raízes (Population 2), CD 104 x Fundacep Cristalino (Population 3), Fundacep Cristalino x Fundacep Nova Era (Population 4) and CD 104 x Fundacep Raízes (Population 5). These crosses were chosen because of the industrial classification, where they obtained crosses between bread and soft, bread and bread, bread enhancer and bread enhancer, bread enhancer and soft, bread and bread. A bulk of F 1 seeds was formed, in which 50 seeds from each cross were randomly separated. In the field, the parents (P1 and P2) and the segregating population F 2 were evaluated. The experimental design was randomized blocks with two replicates, arranged in three rows of two meters, spaced 0.2 m between plants and between rows. A total of 26, 30, 25 and 28 plants were evaluated from Population 1, Population 2, Population 3 and Population 4, respectively.
Soil preparation of the experimental area was according to the recommendations of the crop, and corrections of acidity and fertilization were performed with macro nutrients (NPK) as a function of the levels observed in soil chemical analysis to meet the necessary demand of the crop. Sowing was performed manually. Cultural treatments, as well as the weed, disease and pest control were carried out according to the recommendations for the crop (Silva et al. 2017 ).
In the field, the following evaluations were performed: days from emergence to flowering (DEF), when the line presented 50% of the inflorescences released from the flag leaf; plant height (PH, in cm), obtained by measuring the individual plants using a graduated ruler, measuring the distance from the soil to the highest spikelet of the plant; number of fertile tillers per plant (NFT, in units) , counting all the ears of each plant.
After the reproductive cycle, each plant was harvested individually. From the total of ears of each plant, one ear was chosen randomly and the following evaluations were performed: ear length (EL, in cm), in which length was measured using a graduated ruler; ear mass (EM, in g), obtained by weighing the ear; number of grains per ear (NGE, in units), the ears were manually trashed and counting of the grains was performed; grain mass per ear (GME, in g), obtained from weighing only the grains. Afterwards, all ears of the plant were harvested to obtain the grain yield per plant (GYP, in g). Based on this information, the ear harvest index (EHI, dimensionless) was estimated from the ratio between the grain mass per ear and the ear mass.
The results were analyzed using frequency distribution and univariate statistics that included position and dispersion measurements: mean, minimum and maximum values, coefficients of variation (CV), asymmetry (S) and kurtosis (K). The reference values adopted for the coefficient of asymmetry were S <0, asymmetric distribution to the left and S > 0, asymmetric distribution to the right. Regarding the coefficient of kurtosis, the reference values were: K = 0, normal distribution (mesocurtic), K> 0, distribution more "sharp" than normal distribution (leptokurtic); and K < 0, a flatter distribution than normal (platykurtic) (O'Rourke et al. 2005) . The analyzes were made using the statistical package SAS (Statistical Analysis System, version 9.3) (SAS 2002) .
For DEF, a comparison of means between the parents and the segregating populations was performed, since this was an evaluation by lines, not individual plants as in the other traits. Tukey test was used at p 0.05, using the SAS statistical program. Mahalanobis distance was used to estimate the genetic distance between the parents and the segregating populations, and the averages generated by the program were later grouped using the UPGMA http://cpsjournal.org method (mean linkage). To facilitate the visualization of the groups formed in the dendrogram the following formula was used: cutoff point = mean + (K.SD), where K presents a value of 1.25 and SD is the standard deviation (Cruz 2006b ). The relative importance of the evaluated traits for the estimation of genetic dissimilarity was obtained through the participation of the D 2 components, related to each trait, in the total dissimilarity observed (Singh 1981) . Tables 1 and 2 present the results of the descriptive statistical analysis of the agronomic components for five wheat segregating populations in the F 2 generation, as well as the average of the parents for each of the evaluated components. For plant height (PH), it was observed that Population 5 presented higher F 2 mean, while in Population 4, it was possible to observe a reduction in the trait when compared to the parental average (Tables 1 and 2 ). It was possible to observe a great variation within the populations with values ranging from 24 to 81 cm. The observed short stature is due to the delay in sowing, caused by rainfall, that prevented sowing to be performed in the period indicated in the region. The coefficient of variation, relative dispersion, that infers the degree of concentration of the data around the mean (Carvalho et al. 2004 ) was considered high (23.70%) according to Pimentel Gomes (1985) http://cpsjournal.org for population 1. For the other populations, the CV was medium, corroborating with other studies carried out with this trait (Biudes and Camargo 2009, Gross et al. 2012) . The asymmetry coefficient indicates the distribution of individuals in classes. For all populations, except for 3, the asymmetry coefficient was positive, representing a higher concentration of individuals with smaller stature to the left of the arithmetic mean. The measure of kurtosis is related to the degree of concentration of the observations in the center and the tails of the distribution. For populations 1, 2 and 4, the kurtosis measure was above zero, fitting into a leptokurtic distribution, with a higher concentration of data around the mean. Population 4, because of a high asymmetry value (2.01), reveals a lower genetic variability among segregating individuals, due to a lower genetic base of the parents for this trait, since both are from the same research institution. For populations 3 and 5, the kurtosis measurement was lower than zero (-1.04 and -0.92), fitting the distributions as platykurtic. These populations have a larger number of individuals in each class. The first quartile, which corresponds to the minimum value at which 75% of the population is higher, presented a value of 44 to 50 cm. For the 3rd quartile, which establishes the minimum value in which 25% of the population is superior, it exhibited values of 56 to 63 cm. Populations 1, 2, and 4 presented 11 individuals of shorter stature than both parents (Table 3) . These individuals are interesting in a breeding program, since smaller plants are less prone to lodging, avoiding losses in grain yield and industrial quality (Curtis and Halford 2014). T  A  B  T  A  B  T  A  B  T  A  B  T  PH  10  11  26  16  11  30  12  6  25  12  11  28  19  4  27  NFT  18  7  26  16  12  30  17  3  25  20  1  28  17  7  27  EL  7  9  26  20  3  30  14  3  25  7  4  28  13  2  27  EM  10  8  26  18  10  30  15  5  25  16  6  28  12  3  27  NGE  12  6  26  22  6  30  14  6  25  13  8  28  15  7  27  GME  11  8  26  18  12  30  16  6  25  14  11  28  11  4  27  GYP  15  11  26  15  12  30  15  7  25  19  7  28  19  8  27  EHI  13  8  26  12  12  30  2  9  25  5  11  28  8  14 For the number of fertile tillers per plant (NFT), there was a superiority of the average of all F 2 populations when compared to the parents, suggesting a greater complementarity between the alleles, or dominance for the trait (Tables 1 and 2 ). Among the populations studied, the variation was from 1 to 17 fertile tillers per plant, showing the existence of transgressive segregating individuals for this trait, possibly due to the existence of complementary genes, a factor that is of extreme importance in genetic improvement (Lorencetti et al. 2006 ). The coefficient of variation was classified as very high for the five populations, corroborating with the results of other studies, which also found very high CV for this trait (Souza et al. 2013) .
RESULTS AND DISCUSSION
http://cpsjournal.org All populations were asymmetric positive, representing a greater number of individuals with NFT below the arithmetic mean of the population. Populations 1, 2 and 3 were in a leptokurtic distribution. Populations 4 and 5 presented platykurtic distributions. Population 4 showed the greatest variability, due to the distance between the parents for this trait. The other populations have parents with a lower genetic base for this trait. The first quartile showed values of 4 and 5, and in the 3rd quartile values ranged from 7 to 10 fertile tillers per plant (Table 1 and 2) .
Populations 3 and 4 presented more than 70% of the individuals with more NFT when compared to the best performing parent (Table 3) , making these crosses interesting in breeding programs because they have a greater possibility of obtaining transgressive positive segregating individuals for the trait.
The NFT is indicated for use in the indirect selection of wheat populations because it has a direct association with grain yield (Kavalco et al. 2014) , emphasizing that it is the main trait to be evaluated for grain yield per plant (Hartwig et al. 2007) . Some reports described a negative correlation between NFT and NGE and GME traits. This performance is explained by a plant compensatory mechanism, where a large number of ears per plant causes a competition for photoassimilates, reflecting on the reduction of grain weight (Deng et al. 2011 , Naruoka et al. 2011 . In addition, a smaller number of ears can lead to a more efficient use of photoassimilates, compensating the reduced number of ears with a larger grain mass (Sramková et al. 2009 ).
The means of F 2 in populations 1 and 4 assumed values intermediate to the parental means for ear length (EL). Populations 2, 3 and 5 showed an average F 2 higher than the average of the parents, indicative of good allelic complementarity. The smallest range between the minimum and maximum values was observed in population 4, and the largest in Population 2 (6.0). The coefficient of variation was average for all populations, except for Population 4, which was classified as low (9.55%) ( Table 1 and 2). Similar results were obtained for this trait in other reports (Silva et al. 2015) .
Populations 1, 3 and 5 were classified as positively asymmetric. Populations 2 and 4 fitted into a negative asymmetric distribution, although Population 4 is very close to a normal distribution. For Population 2, it is more likely to obtain above-average individuals. Populations 1, 3 and 4 were classified as platykurtic, Population 1 being very close to a normal distribution. In contrast, Populations 2 and 5 were in leptokurtic distributions. In the first quartile, values were observed from 4.0 to 7.55 and in the 3rd quartile, values of 8.50 to 9.20 cm in length (Tables  1 and 2) .
Population 2 presented a larger number of individuals (20) with EL greater than the best parent (Table 3) , this may have been due to the fact that this population presented a lower NFT, and by a compensation mechanism these plants produced ears with a larger size, because there is not so much competition for photoassimilates.
Studies regarding the EL identified a direct effect (-0.205) on the number of spikelets per ear, and an even greater indirect effect (-0.393) on NGE. Therefore, if the selection for EL is performed, even without increasing grain yield, it tends to reduce NGE by its negative effect (Silva et al. 2006) .
For ear mass (EM), Populations 1, 3 and 4, obtained higher values than the average of the parents, which makes them interesting for future selections. The range of value for the character was from 0.49 to 2.70, population 1 and 3, respectively. The coefficient of variation was very high for Populations 1 and 2 (43.07 and 31.62) and for the other populations it was classified as high. Population 2 presented the lowest value of the 1st and 3rd quartiles with values of 0.98 and 1.54 g, respectively (Tables 1 and 2 ).
All populations except 5 had positive asymmetry coefficients, with most of the values to the left of the arithmetic mean. However, Population 3 being very close to zero (0.01) can be considered as normal distribution. For the coefficient of kurtosis, Populations 1, 2 and 3 were classified as platykurtic, the others were classified as leptokurtic.
Populations 2 and 3 obtained 60% of the individuals with superior performance to the best parent. Population 1 was the one that presented the highest number of individuals with lower EM performance to the lowest performance parent. The EM trait can be used as an indirect selection, aiming at an increase in grain yield (Kavalco et al. 2014) . Studies by Hartwig et al. (2007) found a high correlation with NGE, thus, if a selection for EM is performed, indirectly gains are obtained in both EM components (NGE and GME).
For the number of grains per ear (NGE), only Populations 2 and 3 presented a mean F 2 higher than the average of the parents, and the Population 2 presented 22 individuals superior to the best parent (Table 3) , which suggests the occurrence of dominance in this trait. The greatest range of values was found in Population 1 with a value of 74, and the smallest range was in Population 2 with 35 grains per ear (Table 1 and 2). In this study, it was observed that an increase in the number of grains per ear caused by increased nitrogen doses (Cazetta et al. 2007 , Boschini et al. 2011 .
The coefficient of variation for the trait was classified as high for all populations, because it is highly influenced by the environment. The greatest range between the value of the 1st and 3rd quartiles was found in Population 1, http://cpsjournal.org and the lowest range in Population 2 with a value of 10. Population 1 presented a positive asymmetry coefficient, and the other populations showed negative asymmetry coefficients. For the coefficient of kurtosis, Populations 1, 4 and 5 were classified as leptokurtic, although Population 5 is very close to a normal (mesocurtic) distribution. The Populations 2 and 3 presented a platykurtic distribution.
For the grain mass per ear (GME), the F 2 segregating populations presented the means with a performance very similar to the NGE trait, being again the Population 2, followed by the Population 3, which presented a greater number of individuals with a performance superior to the best parent (Table 3 ). The range of values in the populations was from 0.14 to 1.92 g per ear. The Population 5 presented high CV and the others had very high CV (Table 1 and 2).
The asymmetry coefficient was positive for Populations 1, 2 and 5. However, it was very close to normal, which may have been influenced by population size. Populations 3 and 4 presented negative asymmetry. Only Population 5 was classified as leptokurtic, the other populations were classified as platykurtic distributions. The value of the 1st quartile ranged from 0.58 to 1.04 g (Population 2 and 3, respectively), and for the 3rd quartile, the same populations were repeated with values of 1.06 to 1.47 g.
For grain yield per plant (GYP), one of the most sought traits in breeding programs, all F 2 populations had a mean higher than the average of the parents, the highest being of the Population 4 (5.91), indicating that the use of these parents could originate populations with positive transgressive segregants for the trait. Population 4 presented 19 plants, out of 28 evaluated, with an average higher than the best parent (Table 3 ). The lowest F 2 mean was observed in Population 2, even though this was higher than its parents. The greatest distance observed between the parents was in Population 1, where the parents produced 1.80 and 4.33, originating a population with production of 5.29 g per plant, presenting 15 individuals, out of the 26 evaluated, higher than the average of the best parent. This suggests a good allelic complementarity (Tables 1 and 2 ).
The CV for GYP of all populations was classified as very high. Other studies report a similar problem (Li et al. 2012) . As the CV value is usually associated with the number of evaluated plants, one way to reduce it would be to use a larger population. The smallest range between the minimum and maximum values was seen in the Population 3 with 10.53, while the largest range was seen in the Population 4 with a value of 12.46. This was one of the traits that presented the smallest variance among individuals. The lowest value of the 1st and 3rd quartiles was seen in the Population 2, while the highest value of the 1st quartile was seen in the Population 4. For the third quartile, the highest value was seen in the Population 1 (Tables 1 and 2 ).
All populations presented positive asymmetry. The coefficient of kurtosis was higher than zero in Populations 2, 3 and 4 (leptokurtic). Population 2 showed a high positive asymmetry value and a high coefficient of kurtosis, which is indicative of a lower genetic variability, since parents with a narrow genetic base were used because of the great selection made on this trait. Populations 1 and 5 presented platykurtic distributions.
The ear harvest index (EHI) is an important production estimate, resulting from the straw ratio, to be used to calculate the relationship between GME and EM. None of the populations under study present an F 2 higher than the parental average. However, Population 1 presented 13 of the 26 individuals evaluated, with a performance higher than the best parent, while the Population 3 presented the highest number of individuals (9 of the 25 individuals evaluated) with inferior performance to the lower parent (Table 3 ). The greatest range between the minimum value and the maximum value was observed in Population 1. The smallest range was seen in Population 5 (Tables 1 and 2 ).
The CV of the Population 1 was classified as high (21.75%). For the other populations, the CV was classified as medium. The first quartile was represented by values ranging from 0.59 to 0.67 and the third quartile presented values ranging from 0.68 to 0.74. The asymmetry coefficient was negative for all populations. All populations were classified as leptokurtic (Tables 1 and 2 ). It is worth mentioning that the asymmetry coefficient is influenced by the size of the population, which may have influenced the results found. Table 4 shows the average days of the emergence to flowering (DEF), where it can be observed that both F 2 populations and the parents differ statistically for this trait. Population 2 presented the shortest interval between emergence and flowering, and Population 5 had the highest DEF value. The earliest parents were Abalone and Fundacep Nova Era and the latest was Fundacep Raízes. This trait is controlled by the response to photoperiod genes accelerate or delay flowering in response to environmental stimulate to ensure that the onset of flowering occurs at optimal temperatures (Kamran et al. 2014) .
Population 1, from the cross between Abalone and Fundacep Nova Era, both with the shortest DEF interval, presented the later cycle. Population 2, from the cross between Ônix x Fundacep Raízes, both from the long cycle to the trait, was the population with the most precocious cycle. Although both are interesting examples of transgressive segregants, plants with a smaller range of DEF are sought in breeding programs because they have http://cpsjournal.org a shorter cycle, which favors the implantation of summer crops. According to Vieira et al. (2007) , the DEF trait provides a small direct effect on the GY trait, and a positive and high secondary direct effect on the NGE trait (the primary trait with the greatest direct effect on GY). However, this trait presents the problem of directly interfering with the increase of the culture cycle. In the analysis of relative contribution of the traits, presented in Table 5 , it is possible to observe that the trait of greater relative contribution was GME (54.65%), followed by SM (26.26%) and NGE (10.21%). Together these three traits contributed more than 90% to the genetic distances between the evaluated genotypes. In the dendrogram (Figure 1) we can observe the hierarchical grouping of the genotypes, based on the dissimilarity matrix. The cutoff point was performed following the mean formula + (K.SD), indicating which genotypes would constitute the different groups. There were two groups, where the first group was formed by the parents (Abalone, Ônix, Fundacep Raízes and Fundacep Cristalino) and Population 2, who presented the lowest mean GME values, ranging from 0.70 to 0.99. The second group was the largest, formed by six genotypes, with averages from 0.93 to 1.21. It grouped the CD 104, Fundacep Nova Era and Populations 5, 4, 1 and 3. It can be seen that the F 2 segregating populations were in the same group as one of the parents. Population 5 was closer to the parent CD 104 and populations 4 and 1 were closer to Fundacep Nova Era. In conclusion, all populations present an average superior to the parents for the number of fertile tillers per plant and grain yield per plant, indicating presence of dominance in these traits. The populations Abalone x Fundacep Nova Era, Fundacep Cristalino x Fundacep Nova Era and CD 104 x Fundacep Raízes present the highest number of individuals with values above average for the number of fertile tillers per plant and grain yield per plant. Grain mass per ear is the trait that most contributes to distance between genotypes. The population CD 104 x Fundacep Cristalino is the most distant of the parents when considered all the evaluated traits.
